Introduction
The application of ice for the treatment of soft tissue injuries is common practice within sport and clinical settings (Bleakley, In sport poor JPS has been associated with functional instability and increased risk of knee injury thought to be caused by increases in postural sway, balance deterioration and disturbances to gait patterns (Kiran, Carlson, Medrano & Smith, 2010) . Although it is still undecided as to how JPS reduces due to cryotherapy applications and the implications it may have on the risk of injury, due to potential changes in functional stability. Assessment of joint position can influence clinical practice, with therapeutic interventions known to affect dynamic stability (Williams et al., 2001 ) it is recommended that active angle reproduction (AAR) should be used as a method of assessment for knee JPS (Selfe et al., 2006) . Accuracy of the ability to reproduce a joint angle is affected by the type of test applied, during AAR quicker positional stabilization was accomplished compared to passive angle reproduction (PAR) (Selfe et al., 2006) . The application of active reproduction tests in the current study closely mimics functional performance in athletes, supporting previous research (Stillman, 2002; Bennell et al., 2005) .
The reliability of previous research around JPS and cryotherapy application is debatable; Surenkok et al (2008) found that knee JPS was negatively affected following both the application of a cold pad and post application of a cold spray using a passive knee repositioning test. Neither Tsk nor duration of cold pad or cold spray was reported. Thieme et al (1996) functional tasks immediately following the application of ice to the knee. This study therefore examines the effects of crushed ice application to the knee using a small knee bend (SKB) as a functional assessment to observe knee JPS.
Methods

Participants
This exploratory study included Eleven healthy male volunteers who regularly participate in team, land based sports took part in the study, with an average age of 21.3±1.7 years, body mass of 83.5±32.5 Kg and height of 182±12.8 cm. All participants provided written consent to take part in the study. The study was conducted according to the Declaration of Helsinki (WMA, 2008) and approved by UCLan Built, Sport and Health Ethics Committee (BuSH 128). All male participation was chosen to increase sample homogeneity due to gender differences found in response to local cooling (Cankar & Finderle, 2003) . Criteria for exclusion from the study included previous knee joint surgery, lower limb injury in the last 6 months, referred pain either to or from the knee or any contraindications to cryotherapy (Kennet et al., 2007).
Intervention Protocol
The study was a single group, pre-test-post-test design. The testing protocol took place in a movement analysis laboratory. Kinematic data were collected pre and post intervention using a ten camera infra-red Oqus motion analysis system (Qualisys medical AB, Gothenburg, Sweden) collecting at 115Hz. Cameras were arranged in an umbrella formation (Richards, 2008) . Participants acclimatised to a steady thermal state for a 15 minute period, prior to intervention; during this phase passive retro-reflective markers were placed on the following anatomical landmarks ( Figure 1 ); posterior superior iliac spine (PSIS), anterior superior iliac spine (ASIS), greater trochanter, medial and lateral epicondyle of the femur, medial and lateral malleolus, calcaneus, dorsal aspect of first and fifth metatarsal heads and the middle cuneiform, acromion, lateral epicondyle of the humerus and radial styloids. Clusters of four markers mounted on a thin sheath of lightweight carbon fibre were applied to the anterolateral aspect of the femur and tibia. Three measures of Tsk were taken from the centre of participants' patella following the acclimatisation period, using a digital thermometer (Fora, Gallen, Switzerland IR19). The accuracy of the skin surface thermometer meets the accuracy required in ASTM E1965-98 and the EC directive 93/42/EEC.
Pre testing, familiarisation to the SKB protocol of 45° was conducted measured by a goniometer, prior to kinematic data collection. The participant was given three attempts to replicate the 45° SKB in order to familiarise themselves with the movement pattern (Reurink et al., 2013) . Following the 'practice' attempts participants then completed five SKB using three dimensional (3D) motion analyses to measure knee motion. No white noise or blindfolds were worn by the participants; it was felt that by removing sensory cues the eco-validity of the study would be inhibited, an athlete returning to sport taken, whilst the two anatomical markers on the knee were placed in the exact same position prior to 6 the intervention. Marker points were highlighted previously on the participant's skin with washable pen pre-intervention so that marker replacement would be accurate. Collection of Tsk took approx. 8 seconds; participants then immediately produced the same SKB procedure, without any practice trials, followed by three further Tsk measurements.
Analysis
Maximum knee angle, minimum knee angle and knee joint range of motion (ROM) in all three planes of motion for both the loading (eccentric) phase of the movement and the entire (eccentric, hold and concentric) movement were measured. Data were processed in Qualisys Track Manager and then exported as C3D files to Visual3D (CMotion Inc., USA) software in order to quantify kinematic parameters, smoothed with a low pass Butterworth 6Hz filter, allowing recognition of significant events within the data creating a report. All data was averaged within subjects prior to statistical analysis.
The distribution of the data was assessed for normality using the Shapiro-Wilk test and found to be suitable for parametric statistical testing. A paired t-test was used to compare pre and post intervention data, with a Bonferroni correction applied, including data analysed using absolute error (AE) for knee flexion. Statistical significance was set at P<.05. All statistical analysis was conducted using SPSS version 21.0 (SPSS, Inc., Chicago, USA).
Results
Results demonstrated significant changes in both the sagittal and coronal planes during the descent phase of the SKB. A significant decrease (P=.035) in knee flexion in the sagittal plane demonstrated an angular difference of -4.0°±5.4, 95% CI (0.3-7.6°), when comparing pre and post ROM (Fig. 2) . A significant reduction in AE (P=.002) post cryotherapy intervention in knee flexion was found. A significant increase (P=.011) toward a valgus shift occurred in the coronal plane post intervention (Table 3) . No significant changes were found in knee joint velocity (P=.579). Tsk demonstrated a significant reduction post cryotherapy intervention (P=.001). Immediately post cryotherapy application average Tsk was recorded at 13.4˚C±2.9, reflecting a skin temperature response to within the desired therapeutic range. 
Pre/Post Knee Joint Flexion during SKB
This is the first experimental study of its kind to our knowledge that assesses knee joint motion in all three planes using 3D motion analysis during a functional closed chain weight bearing assessment following ice intervention. This study's findings suggest knee JPS and control during the eccentric phase of the SKB was significantly altered after crushed ice applied to the anterior aspect of the knee. Although the functional weight bearing close kinetic chain assessment used in the current study is likely to be the reason for the significant differences (P=.035); often it is the non-dominant limb used to weight bear during functional tasks in sport, such as kicking a ball for example. JPS in the current study was measured on the participant's non-dominant limb during a dynamic SKB to measure changes in functional stability, in order to replicate a functional task relevant within sport. This may be another reason for the significant results in comparison to previous research. This study investigates the changes in JPS immediately after cryotherapy; in support of recent study by Ribeiro et al (2013) it would be useful to observe the time it takes to return to pre intervention baseline measures in future studies following cryotherapy application using the same methods.
The specific mechanism through which cryotherapy altered knee joint control could not be determined by this study. It can be postulated however, that physiological variations occurred causing adverse adaptations to knee joint mechanics. These changes could be due to one or a combination of these factors; altered NCV as indicated by Jutte et al (2001) , where NCV is found to be reduced at 12.5°C in line with temperatures recorded in the current study, altered spindle muscle activity, reductions in muscle strength or altered sensory information from superficial mechanoreceptors. The application of crushed ice over the lateral aspect of the knee may have affected neuromuscular control. Due to the superficial anatomical arrangement of the lateral femoral cutaneous nerve (Palastanga & Somes 2012) it is proposed that ice application penetrated this superficial nerve more easily than the distribution of nerves over the deeper medial aspect of the knee. The current study support the concept of changes in proprioceptive feedback through altered mechanoreceptor mechanisms due to cryotherapy application, reported previously by Schepers and Ringkamp (2010) . Previous studies, particularly at the knee, support the suggestion that sensory feedback via receptors in the skin have an importance in proprioceptive feedback (Richards & Selfe 2012) . Cryotherapy has been found to reduce NCV in sensory nerves greater than motor nerves (Herrera et al., 2011) . It was previously thought that cutaneous receptors have not played a part in joint stability; the current study however proposes a greater consideration should be taken into the relevance of sensory feedback via the skin, and its involvement in proprioceptive feedback for JPS (Richards & Selfe 2012) . The explanation of a reduction in muscle strength due to cryotherapy application may be supported by the findings in the current study. Although muscle strength was not measured it could be assumed that alteration of Tsk and muscle temperature occurred. Original work by Sargeant (1987) noted reductions in peak force, power and maximal mean power in muscles following the reduction of muscle temperature from cold water immersion. In agreement a recent review of current evidence by Bleakley et al (2012) suggests that cooling reduces muscle strength. A reduction in muscle strength due to cryotherapy may impact the ability of the lower limb musculature to stabilise the joint during functional tasks. This may have been a further reason behind the reductions in knee joint control reported in the current study.
Conclusion
The current study supports the suggestion that significant changes of JPS occur at the knee immediately following the application of crushed ice cryotherapy. Therefore team doctors, clinicians, therapists and athletes should be aware of the potential increase risk of injury to the ACL and or medial complex during closed chain weight bearing activities immediately following 20 minutes of crushed ice cryotherapy application to the knee due to changes in eccentric control. Future research is needed to establish the effects of cryotherapy application alongside the specific mechanisms behind the changes in knee joint control.
